While a large portion of the variance among listeners in speech recognition is associated with the audibility of components of the speech waveform, it is not possible to predict individual differences in the accuracy of speech processing strictly from the audiogram. This has suggested that some of the variance may be associated with individual differences in spectral or temporal resolving power, or acuity. Psychoacoustic measures of spectral-temporal acuity with nonspeech stimuli have been shown, however, to correlate only weakly ͑or not at all͒ with speech processing. In a replication and extension of an earlier study ͓Watson et al., J. Acoust. Soc. Am. Suppl. 1 71, S73 ͑1982͔͒ 93 normal-hearing college students were tested on speech perception tasks ͑nonsense syllables, words, and sentences in a noise background͒ and on six spectral-temporal discrimination tasks using simple and complex nonspeech sounds. Factor analysis showed that the abilities that explain performance on the nonspeech tasks are quite distinct from those that account for performance on the speech tasks. Performance was significantly correlated among speech tasks and among nonspeech tasks. Either, ͑a͒ auditory spectral-temporal acuity for nonspeech sounds is orthogonal to speech processing abilities, or ͑b͒ the appropriate tasks or types of nonspeech stimuli that challenge the abilities required for speech recognition have yet to be identified.
I. INTRODUCTION
It has been known for some time that individuals exhibit a large range of performance on a wide variety of auditory psychophysical tasks ͑Johnson et al., 1987͒. These differences become more apparent in the study of complex sounds, especially those with more temporal and spectral complexity. Although the extent of the variability in abilities has not been extensively studied, it has been a common practice in psychoacoustic research to screen observers and discard those who seem unable do the task without extensive training ͑Green, 1988, p. 94͒. In contrast, some authors have argued that there is a relatively small range of individual differences in auditory speech-processing ability and that all, or nearly all, people with normal auditory sensitivity have a ''uniformly highly developed auditory ability ͓to perceive speech͔ ͑Summerfield, 1991, p. 126͒.'' This belief is apparently based on the observation that most people can identify words and sentences perfectly, or nearly perfectly, when they are presented at positive speech-to-noise ratios ͑S/N͒.
Perhaps because of the belief that individuals vary little in their speech-processing abilities, most studies investigating the perception of speech under adverse conditions ͑usu-ally with noise masking͒ have only reported average discrimination scores at various speech-to-noise ratios. Little attention has been paid to the individual variability in those scores. However, Rupp and Phillips ͑1969͒ showed that some individuals who have near-perfect discrimination in the quiet perform very poorly at unfavorable S/N ratios. They coined the term ''normal fragile ear'' to describe such listeners. Middelweerd et al. ͑1990͒ and Rodriguez et al. ͑1990͒ reported similar cases of listeners complaining of difficulties in hearing speech in noise despite normal pure-tone audiograms. Participants in these studies were assigned to the ''impaired'' condition on the basis of either complaints of difficulty hearing speech in noise ͑Middelweerd et al., 1990͒ or performance on a speech-in-noise test falling below some arbitrary criterion ͑Rodriguez et al., 1990͒. Data were then reported as averages for the ''impaired'' and ''normal'' conditions. In both cases, the researchers suggested that there was something pathological about the difficulty of some listeners' experiences in understanding speech in noise.
Research has repeatedly shown that many, if not all, of our cognitive abilities are normally distributed across the population. Intelligence, quantitative, verbal, and spatial abilities are all approximately normally distributed ͑Spear-man, 1927; Horn, 1968 . It might be possible that listeners who have difficulty understanding speech-in-noise simply fall into the lower tail of a normal distribution of speech-recognition abilities. Under the speech-to-noise ratios of most every day conditions, their performance may be perfect ͑a ceiling effect͒. However, degraded performance may appear when the task becomes more difficult, as when noise is added. There have been very few published reports describing the range of performance of normal-hearing listeners on speech tasks. a͒ Stankov and his colleagues ͑Stankov and Horn, 1980; Horn and Stankov, 1982; Roberts and Stankov, 1999͒ have argued that several auditory factors contribute to fluid intelligence. Fluid intelligence is defined as one's ability to learn quickly and thoroughly, to solve problems, reason and remember in ways that are relatively uninfluenced by experience ͑Horn and Cattell, 1966͒. It can be contrasted with crystallized intelligence which taps acquired knowledge and ability. Stankov and Horn ͑1980͒ identified a separate factor that they called ''speech perception under distraction/ distortion,'' which was not highly correlated with any other auditory/perceptual factors. This factor was made up of tests of expanded speech, compressed speech, sound blending, and, most strongly, cafeteria noise masking of speech. Although Stankov and Horn do not discuss the range of performance found on the tasks underlying speech perception under distraction/distortion factor, there must have been a large enough range of performance among the subjects (Nϭ241) for this variable to contribute sufficient independent variance to form a distinct factor.
If it is the case that both speech and nonspeech auditory processing are normally distributed across the population, it is of interest to determine the relationship between them. Performance on speech recognition tasks must depend on spectral-temporal analyses by the auditory system. However, psychoacoustic measures of acuity or resolving power for nonspeech stimuli have not been found to correlate significantly with speech processing, or correlate only weakly with it once the audiogram is taken into consideration ͑Watson, 1987; Christopherson and Humes, 1992͒ . This suggests that some significant amount of the systematic variance in speech recognition abilities may be associated with nonauditory differences among listeners. Thus there are two basic questions addressed in this paper.
͑1͒
What is the distribution of speech-recognition abilities among listeners with normal audiograms ͑pure-tone sensitivity͒ in tasks employing masking noise ͑thereby avoiding ceiling effects͒? ͑2͒ Are there systematic relationships between measures of performance on nonspeech psychoacoustic tasks and the ability to understand speech-in-noise?
One area in which individual differences in speech processing have received a great deal of attention is in the study of persons with hearing loss. Listeners with the same severity and configuration of sensorineural hearing loss ͑SNHL͒ vary widely in their abilities to understand speech, especially in noise ͑see Crandell, 1991, for a review͒. We argue that the individual differences found in persons with hearing loss can be found in the entire population but are usually obscured by the fact that normal-hearing listeners are performing at ceiling levels. Once the system is stressed ͑by either hearing loss or noise͒ these individual differences become apparent. Following Crandell ͑1991͒, below we discuss a number of possibilities that have been proposed to account for individual differences in speech-processing ability in noise. Although these were meant to apply to individual differences in persons with hearing loss, the data presented here suggest that they may be applicable to persons with normal sensitivity as well.
First, the susceptibility to noise may be due to deficits in auditory processing caused by cochlear damage. For example, Plomp ͑1978͒ suggested that a combination of attenuation and distortion were the cause of speech recognition difficulties in the hearing impaired. Cochlear distortion could affect frequency and temporal resolution, as well as frequency or temporal discrimination to different degrees among different hearing-impaired individuals. This hypothesis predicts that difficulties in processing nonspeech and speech materials should occur together: those individuals with distortion at the cochlear level would be expected to have trouble with spectral-temporal resolution of all types of auditory stimuli. The difficulties may become more severe as the stimuli become more spectrally or temporally complex, but there still should be a relationship between difficulties in processing nonspeech and speech materials.
Second, Crandell notes that it is possible that the deficit in speech recognition is due to a more central auditory processing disorder ͑Chermak and Musiek, 1997; Watson, 1994͒, rather than being entirely a consequence of cochlear pathology. If so, some individuals might have difficulty processing complex sounds in the absence of evidence of brain trauma and without any decline in peripheral sensitivity, linguistic competence, or cognitive abilities. Individuals with central auditory processing disorder are assumed to have no difficulty processing simple auditory or nonauditory stimuli. They are said to show greater difficulties as the task becomes more complex or more ''central'' and that difficulty is assumed to manifest itself in both speech and complex nonspeech processing.
Crandell's third possibility is that individuals may process speech at a general cognitive level differently, resulting in different degrees of efficiency or susceptibility to disruption ͑Van Rooij and . Given a clear and audible signal, some individuals may perform perfectly, but, under nonoptimal conditions, such as noise or some degree of hearing loss, these individuals may experience difficulty in interpreting the signal. According to this hypothesis, the differences found among individuals with the same degree of hearing loss may be a manifestation of differences that are also present in the population of normal-hearing listeners. This hypothesis does not require any relationship between psychoacoustic processing and speech-processing abilities. However, there might be some nonauditory cognitive task that utilizes the same ability and is affected by the same variables.
Another possibility, one not considered by Crandell, is that the critical properties underlying speech recognition may be linguistic, rather than auditory, and therefore could be observed with either visual or auditory speech. Finally, it is possible that there is a general ability to make perceptual wholes from fragments, not necessarily speech fragments. This ability, often called ''cloze'' in the reading literature, is the ability to comprehend text or speech in which portions are deleted or distorted. Those individuals who score well on these sorts of tests are making use of top-down contextual information. Both of these hypotheses were given some modest support by Watson et al. ͑1996͒ who reported significant correlations ͑0.45ϽrϽ0.55, nϭ90, pϽ0 .001͒ between lip-reading ͑vision-only͒ abilities of normal-hearing listeners and those listeners' abilities to identify speech in noise ͑auditory-only͒. This suggests that one or more common central, or cognitive mechanisms may partially account for the excellence in speech perception by both eye and by ear. Watson et al. ͑1996͒ argue against a purely modality specific view of speech processing and instead suggest that a portion of the variance in speech processing appears to be associated with nonauditory cognitive abilities. These authors also reported significant correlations between lip-reading, auditory speech processing, and a task in which printed phrases had to be recognized under a condition of ''visual noise. '' Among the important determinants of speech recognition thresholds in noise are the contextual cues available to the listener ͑Miller et al., 1951; Sumby and Pollack, 1954; Hirsh et al., 1954͒. Miller et al. ͑1951͒ found a range in threshold from Ϫ14 dB for ͑closed-set͒ digits to Ϫ4 dB for words in sentences to ϩ4 dB for nonsense syllables. As the stimuli become more complex and the set size increases, listeners' informational capacities and the opportunity for using context increases. Those individuals with good skills in using contextual information may not necessarily do well on less contextually based processing. In the study reported below, we employed a range of speech tests including one that could not benefit from contextual processing or prior knowledge ͑nonsense syllable recognition͒, one that could benefit a great deal from contextual cues ͑sentence recognition͒, and one that falls in between ͑closed-set word recognition͒.
This study determined the individual abilities of 93 normal-hearing college age listeners to process a variety of speech and nonspeech stimuli, and the relation between those auditory performance measures and certain estimates of intellectual or cognitive functioning ͑SAT-V, SAT-M, GPA͒. A previously developed test battery, the Test of Basic Auditory Capabilities ͑TBAC͒, was used to measure nonspeech auditory processing. The eight sub-tests on this battery have been shown to have good test-retest reliabilities ͑overall Cronbach's alpha of 0.75 across three groups of subjects; Christopherson and Humes, 1992͒. Three additional speech tests were added to this battery for the present study. These new tests were constructed from audio recordings included in the Bernstein and Eberhart ͑1986a, b͒ lip-reading corpus ͑a video disk recorded by professional actors͒. The speech tests were conducted under various levels of speech-to-noise ͑S/N͒ ratios and included consonant-vowel ͑CV͒ syllable identification ͑open-set͒, consonant-vowel-consonant ͑CVC͒ word identification ͑closed-set͒, and sentence identification ͑open-set͒.
II. METHOD

A. Subjects
Ninety-three Indiana University students ͑Ages: ϭ20, range 18 -32͒ served as subjects in this study. All tested within normal limits ͓Ͻ20 dB HL from 250 to 8000 Hz ͑ANSI, 1989͔͒ on a preliminary hearing screening. Forty-five of the subjects received an additional, 2-dB step audiogram.
These 45 subjects also signed a release form to allow access to their academic records and to their scores on the Scholastic Aptitude Test ͑SAT͒. The subjects were paid for their participation.
B. Stimuli
The TBAC and speech tests were presented to subjects through a digital audio tape deck ͑Panasonic, SV-3500͒. The output of this tape deck was routed to a two-channel amplifier ͑Macintosh, C24͒ through a network of attenuator pads and delivered monaurally to 13 pairs of Etymotic ER-3A insert earphones at 75 dB SPL. All stimuli were presented at 75 dB SPL, with the exception of the increments in the intensity-discrimination task. Calibration was accomplished using a 1-kHz tone.
Test of basic auditory capabilities (TBAC)
The Test of Basic Auditory Capabilities ͑TBAC͒ consists of a series of auditory processing tests including seven discrimination tests and one nonsense syllable identification test. There are eight levels of difficulty in each discrimination test and all tests follow a modified two-alternative forced-choice procedure in which a standard is presented followed by two test stimuli, one of which differs from the standard. Listeners are told that their task is to choose which of the two test sounds is different from the standard. This method is used for seven out of the eight subtests, minimizing listeners' confusions that can result from changes in psychophysical procedures. For the eighth test subjects hear nonsense syllables in cafeteria noise and are asked to identify the sound by choosing one of three written alternatives. The first six tests use tones or tone sequences as stimuli and include a total of 72 trials per test. The seventh test uses sequences of four CV nonsense syllables and the eighth is a portion of the CV/VC nonsense syllable test developed by Resnick et al. ͑1975 ; see also Dubno et al., 1982͒ . This last test was modified to include three response alternatives on each trial, the actual nonsense syllable that was presented, plus the two most confusable alternatives identified in the study by Dubno et al. ͑1982͒. This test has been used to measure the auditory process- 
Speech tests
All speech materials were recorded from the Bernstein and Eberhardt ͑1986a, b͒ lipreading corpus. Speech examples were digitized using an Audiomedia D/A and recorded on a Macintosh. The stimuli were edited and rerecorded onto a DAT. Speech-shaped noise was mixed with the speech. Three types of stimuli were used: CVs, words, and sentences.
a. CVs. The CVs were consonants b, ch, d, f, g, h, k, l, m, n, p, r, s, sh, t, w, and z followed by the vowel /a/. Two examples of each CV ͑with the exception of k, l, p, and sh which only had one example recorded͒ were digitized. Each stimulus was recorded at two different speech-to-noise ratios ͑S/N͒: 0 and ϩ3 dB. A block of trials consisted of five CVs and blocks alternated in their S/N ratio. Three practice blocks were presented, decreasing in S/N ratio from ϩ6, ϩ3, to 0 dB. There was a 3-s inter-stimulus interval ͑ISI͒ and six seconds between blocks. A 0.5-s 1-kHz tone was played to signal the start of each new block. Twelve seconds separated blocks six and seven. Subjects were asked to write the consonants they thought they heard in the blank spaces provided and to be sure to respond on every trial.
b. Words. The words were 50 one-syllable words from the Modified Rhyme test ͑House et al., 1965͒ presented in a forced-choice, four-alternative trial structure. The three foils each differed from the target by one feature: the initial and final consonant cluster and the vowel. Words were recorded at two S/N ratios, 0 and Ϫ3 dB. A block of trials consisted of five words and the S/N ratio was alternated between blocks. Five seconds separated each word and a 0.5-s 1-kHz tone was played in between each block. Ten seconds separated blocks 25 and 26. Two practice blocks were presented before the test. Subjects were asked to circle the word they thought they heard and were told to respond on every trial.
c. Sentences. Sentences were 20 of the CID sentences ͑Davis and Silverman, 1970͒ spoken by a male talker. They ranged in length from 2 to 13 words with an average of 8 words. Sentences were presented in five different levels of noise, ϩ3, 0, Ϫ3, Ϫ4, and Ϫ5 dB S/N ratio. The S/N ratio was decreased systematically within each block of five words. Twenty seconds separated each sentence and a 0.5-s, 1-kHz tone signaled the beginning of each new sentence. Subjects were asked to write down all the words they heard.
C. Procedures
Subjects were tested in groups of 4 to 13 in a soundtreated room. Following a preliminary auditory screening, they were seated at a desk and were given instructions on how to insert the earphones. Testing was completed in two 1-h sessions. The sequence of the tests and of all items within each test were the same for all listeners. This constant test order was chosen to minimize all sources of inter-subject variation in performance other than their individual abilities to perform the tasks.
Instructions for the TBAC are recorded as part of the test and include detailed descriptions of the method for each of the subtests. Subjects are given two practice trials before each test. Instructions for the additional speech tests were given by the experimenter. On each test, subjects were encouraged to guess.
III. RESULTS AND DISCUSSION
A. TBAC Figure 1 shows the collapsed overall psychometric functions for the seven discrimination tests ͑dotted lines͒ and a fitted curve that describes the maximum likelihood probit ͑solid lines͒. Estimated thresholds for mean performance at 75% correct are shown for each subtest in Table I ͑first column͒. It is clear that the tests do a moderately good job of sampling the transition range ͑chance-to-perfect͒ for the 93 normal listeners whose data are shown here. The probit fits are a close description of the data, with all fits but one accounting for greater than 95% of the variance. The exception is the fit to the temporal-order-for-syllables test, which accounts for only 77% of the variance. Later analyses suggest that performance on this last test is not well described by a simple probit function. Figure 2 shows the mean psychometric functions for listeners falling within each decile when the listeners were ordered by their overall percentages of correct responses on each test. Table I gives an overview of population performance on these tests in terms of the fitted thresholds ͑inter-cepts for 50% correct performance expressed in Hz, ms, or dB, as appropriate͒ for the group of subjects who fall within each decile. These ranges are similar to those reported by Watson et al. ͑1982a͒ for a comparable sample of normalhearing listeners ͑see the Appendix͒. With the exception of the embedded tone test, the range of thresholds for normal hearing listeners on these stimuli is large. The families of psychometric functions for all tests except the temporal-order-for-syllables test appear well described by families of probit functions differing primarily in their horizontal displacement. The syllable-order test differs in that the performance by the worst subjects appears to be limited both by the duration of the syllables, yielding horizontal displacement of the function, and also by another factor, which limits maximum performance for long-duration sequences. Although it is not clear what this other factor is, Watson et al. ͑1982a͒ found a similar result on this test. They noted that their poorest listeners actually performed worse for long-duration sequences than for intermediate-duration ones, on this test. This could reflect a duration-dependent deficiency in working memory for these listeners ͑Gathercole and Baddeley, 1993͒.
B. Supplemental speech tests
Means and population statistics, collapsed across noise level, for each of the supplemental speech tests are shown in Table II . The sentences were scored in terms of overall sentences correct and also in terms of total individual words correct. The correlation between those two measures was 0.77. The range of scores for sentences scored by words was larger and more closely approximated a normal distribution. Therefore, for all further analyses, the scores for sentences scored by words have been used.
The range of percent correct ͓ P(c)͔ for all of the speech tests is about 30 percentage points. This substantial range of performance implies that some of the subjects could understand speech at a much lower S/N ratio than others.
FIG. 2.
Mean psychometric functions for listeners falling within each decile for the seven discrimination tests from the TBAC. Deciles were constructed by dividing the individuals into ten groups by their overall percent correct on each test. In general, the leftmost function in the family of curves shows the best 10% of listeners and the rightmost function describes the worst 10% of the listeners. There were only two levels of noise for the CV and the word test, therefore thresholds could not be accurately estimated. However, there were five levels of noise for the sentences, which allowed the fitting of psychometric functions. Listeners were ordered by overall P(c) into ten groups. A maximum-likelihood normal ogive was fitted to the average data for each decile. Assuming a normal ogive to be representative of this psychometric relationship, ''functional'' S/N ratios were derived by correcting the nominal values to place them on this fitted function.
1 Psychometric functions for decile groups obtained with the resulting functional S/N ratios were then plotted, using maximum-likelihood functions. The probit fits are a close description of the data, with all fits but one accounting for greater than 95% of the variance. The exception is the fit to the eighth decile, which accounts for only 89% of the variance. Fifty-percent thresholds were then interpolated from the fitted functions. Deciles 1, 2, 3, 7, 9, and 10 are shown. As may be seen in Fig. 3 , the range of speech-to-noise ratios for 50% correct between the first and tenth decile is approximately 7 dB, and is about 3.2 dB between the second and ninth decile.
C. Correlational analyses
The product-moment correlation coefficients among all of the TBAC subtests and the supplemental speech tests are presented in Table III . Although there are many statistically reliable correlations, there are not many substantial ones.
The reliability of the underlying tests was measured using Cronbach's coefficient alpha ͑Cronbach et al., 1972͒. This particular measure estimates the proportion of true score variance that is captured by the items by comparing the sum of item variances with the variance of the sum scale. If there is only error in the items ͑uncorrelated across subjects͒, then the coefficient will be equal to zero. If all items are perfectly reliable and measure the same thing, then the coefficient is equal to 1. The values of alpha were 0.78 for all of the tests together ͑TBAC and supplemental speech tests͒; 0.75 for TBAC alone; 0.64 for the supplemental speech tests alone. Although the supplemental speech tests were slightly less reliable than the TBAC scores, all of the reliability measures were high enough to permit interpretation of the inter-test associations. FIG. 3 . Mean psychometric functions for listeners falling within each decile for the sentences in noise test. Deciles were constructed by dividing the individuals into ten groups by their overall percent correct on this test. Fifty percent thresholds were interpolated from the fitted functions and are indicated by the arrows. The leftmost curve describes the performance of the best 10% of listeners and the rightmost function describes the worst 10% of the listeners. For maximum clarity, only deciles 1, 2, 3, 7, 9, and 10 are shown. 
D. Correlations with other variables
Forty-five of the subjects allowed access to their SAT scores and GPAs and were also given a 2-dB step hearing screening.
2 Table IV shows the correlations among the cognitive/intellectual scores and the TBAC and supplemental speech tests. Interestingly, the temporal order tests from the TBAC correlated quite strongly with the SAT verbal score. This is discussed further below.
E. Factor analyses
Two factor analyses were conducted, one including all of the participants and one restricted to the 45 for whom we obtained SAT scores and GPAs. The analysis including all of the participants was based on the eight TBAC subtests and the three supplementary speech tests described above. The analysis extracted three factors with eigenvalues greater than 1.
3 Varimax-rotated loadings 4 on the three factors are shown in Table V , for each of the auditory tests and other measures.
An interpretation of the three factors is ͑1͒ a nonspeech discrimination factor-including most of the TBAC measures, ͑2͒ a speech identification factor-including our supplementary speech tests as well as the syllable identification test, and ͑3͒ a temporal order discrimination factor-including the two temporal order tests. The three factors accounted for 54% of the variance.
The temporal order discrimination factor is similar to a temporal tracking factor identified by Stankov and Horn ͑1980͒. Each of the tasks that loaded on this factor required attention to ''a series of successive events for which there is an ordered pattern ͑p. 37͒.'' Stankov and Horn found this factor to be only moderately correlated with verbal comprehension and musical ability. Tallal ͑1980; see also Tallal et al., 1985͒ has identified deficits in temporal integration as a major factor in disordered speech perception in children. The data reported here and also by Stankov and Horn ͑1980͒ suggest that temporal-ordering abilities are not intimately related to speech perception.
This analysis also suggests that the abilities measured by the speech and nonspeech tests administered in this study share very little common variance. A four-factor solution ͑not shown here͒ did not significantly increase the amount of variance that was accounted for and did not change the interpretation. The speech tests and nonspeech tests were strongly loaded on separate factors; there was also a third factor for the temporal order tests ͑syllables and tones͒, and the fourth factor was composed entirely of the Pitch test from the TBAC.
A second factor analysis was performed on the data from those listeners for whom cognitive/intellectual measures were available, as well as the auditory measures (Nϭ45). A four factor solution of these data is presented in Table VI . Interestingly, the first factor combined the cognitive/ academic measures ͑GPA, SAT͒ and the temporal-order variables from the TBAC ͑Tones and Syllables͒. As noted earlier, the importance of temporal variables in developmental language disorders has been repeatedly argued by Tallal and colleagues ͑e.g., Tallal, 1980; Tallal et al., 1985͒ . However, the association of temporal-order thresholds with intellectual measures in this analysis, and their dissociation from the speech processing factor, suggests an alternative interpretation that temporal-order judgments are more closely related to general cognitive skills than to linguistic ones. The second factor loaded primarily on hearing thresholds. The range of hearing thresholds in our population was surprisingly large. These ''normal-hearing'' subjects had thresholds ranging from about Ϫ10 to ϩ20 dB HL. However, this range of thresholds had little or no association with either speech or nonspeech processing abilities. The third factor consisted mainly of the nonspeech TBAC measures and the fourth factor was made up of the speech tests. This analysis further underscores the independence of abilities underlying speech and nonspeech auditory processing.
F. Summary and conclusions
Several different measures of speech recognition, using nonsense syllables, words, and sentences were significantly correlated, suggesting a common processing mechanism, or mechanisms. These correlations, although statistically significant, were relatively small compared to some previous studies showing substantially stronger relationships among speech processing variables ͑e.g., Rabinowitz et al., 1992; Demorest et al., 1996͒ . Speech-processing measures are very sensitive to set size, method, and subject population, which could account for the discrepancy. Nevertheless, the factor analysis indicated a strong speech identification factor with the speech tests loading very cleanly on that factor and with very little overlap with the other factors. More importantly, these speech-processing measures correlate only very weakly with measures of spectral and temporal auditory resolving power. These results, together with the significant correlation between lip-reading ͑visual-only͒ and auditory-only speech identification in noise ͑Watson et al., 1996͒, argue against modality-specific views of speech processing and instead are consistent with theories that postulate a central cognitive factor that is specific either to ͑a͒ speech, ͑b͒ linguistic tasks, or ͑c͒ the recognition of perceptual wholes on the basis of stimulus fragments. Data currently available do not offer a strong reason to choose among these alternatives.
There are significant individual differences in speech processing abilities among normal-hearing college students, yielding a range of speech-to-noise ratios for 50% correct detection of sentences, of about 6.0 dB, for 95% of that population. While apparently modest, given that the dynamic range of the auditory system exceeds 100 dB, this range is not without consequences. Reference to Fig. 3 illustrates, for example, that with a speech-to-noise ratio equal to Ϫ1.6 dB, the best ten percent of normal-hearing listeners recognize 82% of the words presented to them, while those in the lowest percentile recognize only 38%. This would represent a difference between mostly successful and mostly unsuccessful efforts at sentence-based communication.
From a cognitive perspective, speech processing is a complex skill depending on a variety of subsidiary abilities. Because the speech signal is quite redundant-there are multiple cues to each phonemic distinction-there may be many combinations of strengths and weakness of auditory processing abilities that lead to equivalent levels of speech recognition performance.
While it is tempting to conclude from this work that individual differences in auditory abilities in general have little to do with one's efficiency as a speech processor, that conclusion is probably premature. The discrimination tests included in the TBAC battery, like most nonspeech discrimination tasks that have been found to correlate weakly with speech processing, all encourage ''analytic listening.'' Attempting to detect some subtle spectral or temporal detail of a complex sound ͑or to judge the pitch of a simple one͒ may not be examples of the way the auditory system must be employed in identifying spoken words. Thus it is possible that nonspeech discrimination or identification tasks that require the listener to process more global properties of stimuli may be more appropriate for the prediction of individual differences in speech perception.
Another possibility is that the nonspeech tasks that are generally used in psychophysical tasks measure the limits of sensitivity whereas the speech signal contains much larger supra-threshold physical changes. The complexity of the speech signal is such that the ability to detect very small changes in a relatively simple auditory stimulus may not be directly related to speech intelligibility. One approach that one could take towards solving this difference in complexity is to compare discrimination or identification of spectrallytemporally complex nonspeech stimuli to identification of speech sounds. The main difficulty with this approach is that we then have as little control over the exact cues used for solving the task as we do when we use regular speech sounds. A different approach is to limit the speech sounds to the same narrow-band spectral region as the nonspeech tasks ͑limiting the complexity of the stimuli at least on one dimen- sion͒. This is an approach recently taken by Noordhoek et al. ͑2001͒ . Their measure of speech intelligibility was a threshold measure of the bandwidth of speech at 1 kHz required for a 50% intelligibility score. That bandwidth measure was more highly related to their nonspeech auditory tasks than were the common speech reception threshold tasks. This is an interesting result and suggests that auditory resolving power may be more important in certain circumstances than is indicated by our present data. There can be little doubt that if you pare the speech processing task down to the point where you are forced to use some very subtle acoustic details to understand the speech, then eventually individual differences in auditory abilities would have to make a difference in performance.
The applicability of these findings to the practical question of speech perception by the hearing impaired deserves a final comment. The failure of hearing aids to provide useful help to many of the hearing-impaired persons for whom they are provided, has been repeatedly reported for almost 50 years ͑Humes, 1999͒. The explanation has commonly been that there is more wrong with the impaired auditory system than its loss of sensitivity ͑which could be corrected by simple amplification͒; it also fails to properly analyze the auditory signal ͑i.e., it is ''distorted''͒. If true, it would be expected, as noted earlier, that this distortion would also be reflected in the processing of nonspeech stimuli. While the nonspeech tests used here may not have included the correct ''speechlike'' sounds, the data reported here strongly suggest that factors higher in the sequence of processing than the auditory periphery account for significant variance in speech recognition-by both normal hearing and by hearingimpaired listeners. The consequences of being deficient in this higher-level processing ability may become much larger when it is coupled with hearing fragmented speech because of sensorineural ͑peripheral͒ hearing loss. 
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APPENDIX
The Test of Basic Auditory Capabilities ͑TBAC, Watson et al., 1982a; Espinoza-Varas and Watson, 1988͒ was originally standardized with a group of 127 normal-hearing subjects, using free-field stimulus presentation in a relatively uniform acoustic environment. Analysis of that first set of TBAC data suggested a similar factor structure to that reported here, as shown in Table VII . The separation of the speech and nonspeech processing measures shown here was one of the motivations for the present study. While suggestive of a difference in the mechanisms underlying speech recognition and nonspeech auditory discrimination abilities, these results suffered from being based on a single speech recognition task ͑the nonsense syllable identification test͒. The present replication and extension of these results clearly support the original conclusion. 1 We justify this method of smoothing the data on the grounds that variations in the gaussian noise masker were sufficient to explain those small deviations, and that the deviations were also well in excess of the standard errors for these means. 2 This fine-grained test of auditory sensitivity was introduced because of the possibility that differences in pure-tone thresholds among these listeners might be of some importance, despite all of them being within clinical limits of normal hearing (xϽ20 dB HL). Within such a population it is common to find listeners whose thresholds differ by 15-20 dB or more, at given frequencies. Further analysis showed these large differences in absolute thresholds to have no association whatsoever with speech processing at conventional levels. 3 In factor analysis an eigenvalue refers to the variance accounted for by each factor as a function of the number of total variables submitted to the factor analysis. In general, the eigenvalues reflect the amount of common variance accounted for by the respective number of factors. Unless a factor extracts at least as much as the equivalent of one original variable ͑an eigenvalue of 1͒, it is generally dropped from further consideration. 4 The goal of rotating the loadings in a factor analysis is to obtain a clear pattern of loadings, that is, factors that are somehow clearly marked by high loadings for some variables and low loadings for others. A varimax rotation of the factor loadings is the most commonly used method of rotating the factors.
